Edited by Roger J. Colbran Naturally occurring mutations of a calcium ion transporter can cause a skin condition known as Darier's disease. In this issue of JBC, Mikkelsen et al. describe a particularly interesting Darier's mutation that alters calcium transport by disrupting a kinetic braking mechanism that is unique to the SERCA2b calcium pump isoform. The study provides new insight into the intrinsic regulation of this transporter and reveals how disruption of regulation can lead to disease in Darier's patients.
Naturally occurring mutations of a calcium ion transporter can cause a skin condition known as Darier's disease. In this issue of JBC, Mikkelsen et al. describe a particularly interesting Darier's mutation that alters calcium transport by disrupting a kinetic braking mechanism that is unique to the SERCA2b calcium pump isoform. The study provides new insight into the intrinsic regulation of this transporter and reveals how disruption of regulation can lead to disease in Darier's patients.
Skin cells have a tough job. More formally known as keratinocytes, skin cells are organized into a tissue that is subjected to all manner of external challenges-mechanical stress, ultraviolet radiation, dehydration, and exposure to every natural and unnatural compound in the environment. To deal with these difficulties, keratinocytes must constantly grow, repair themselves, proliferate, and sometimes even commit apoptosis. Coordination of all these processes requires careful control of intracellular signaling mediated by dynamic changes in cytosolic calcium. Thus, minor disruptions in calcium handling, which might easily be tolerated in most cells, can lead to catastrophic consequences in keratinocytes.
To be able to release the right amount of calcium at the appropriate time, eukaryotic cells store calcium ions in their endoplasmic reticulum through the action of a family of transport proteins, the sarco(endo)plasmic reticulum Ca 2ϩ -ATPases (SERCAs) 3 (1) . In the SERCA family tree, noteworthy isoforms include skeletal muscle SERCA1a and cardiac muscle SERCA2a. However, keratinocytes are served by a housekeeping isoform, SERCA2b, present in all cells. When one sets these isoforms side by side for comparison, the difference that catches the eye is that the SERCA2b isoform has an extended sequence at the C terminus that creates an extra transmembrane helix. This mysterious appendage is referred to as the "2b tail." The tail has been the subject of increasing scrutiny in recent years, with several studies highlighting its impact on SERCA function (see, for example, Refs. 2 and 3). The hypothesis that has emerged is that the 2b tail is a novel structural element that endows SERCA with a higher calcium affinity and slower transport "turnover" rate. Specifically, the 2b tail normally acts as a kinetic drag on the pump, slowing down several steps of the ATPase transport cycle (4) . Is a slower transport rate ideal for a calcium pump present in skin cells? The answer is apparently "yes," as naturally occurring mutations in the SERCA2b isoform cause Darier's disease, an autosomal dominant disorder characterized by severe skin lesions (5) .
In the current issue of JBC, Mikkelsen et al. (6) report the results of exciting new experiments that provide novel insight into how the 2b tail modulates SERCA function and how this mechanism is disrupted in disease. They investigated a naturally occurring Darier's mutation of SERCA2b that causes uncharacteristic pump kinetics. Although many Darier's disease-causing mutations have been described, this one is particularly interesting in that it seems to dislodge the tail. The mutant exhibited lower calcium affinity and a higher transport rate, which is the exact opposite of the traits bestowed by the 2b tail upon the wildtype pump. However, the mutation is not localized to the 2b tail. Instead, it localizes to the main body of the SERCA pump and disrupts the braking interactions with the tail. Mikkelsen et al. (6) performed a rigorous series of kinetics experiments to determine how the Darier's disease mutation affects each specific partial reaction within the overall transport cycle. They discovered that the mutation alters one of the tailregulated transitions, the conformational change from the calcium-bound state Ca 2 E 1 P to the calcium-free state E 2 P. Making the corresponding mutations to the tailless SERCA isoforms, SERCA1a and SERCA2a, did not increase the turnover rate. Because these SERCA isoforms lack the 2b tail, they have no braking mechanism to relieve.
There are several ways in which the changes in mutant SERCA2b function could contribute to the pathology of Darier's disease. A decrease in calcium affinity is expected to increase the basal cytosolic calcium concentration and decrease the ER calcium content. The resultant activation of the ER stress response could precipitate apoptosis. The mutant pump also expressed poorly in heterologous cell culture. If expression of the mutant protein in patients is similarly inefficient, decreased SERCA2b levels would exacerbate the problem of low ER calcium and activation of the stress response. Moreover, Darier's mutation induced a 30 -50% increase in SERCA maximal cycling rate (at high cytosolic calcium concentrations) because of the loss of the braking effect of the 2b tail. It is less obvious how this decreased tail drag would be deleterious in vivo. Why would keratinocytes prefer a slower calcium pump?
One possibility is that the enhanced kinetics of mutant SERCA2b may cause it to be too active during calcium elevations, blunting the peaks of calcium signaling. Thus, the two consequences of Darier's mutation, decreased peak calcium together with increased basal calcium, could cause damping of the dynamics of intracellular calcium signaling. Without large amplitude calcium signals, keratinocytes may be unable to properly respond to external stresses. Importantly, the results have implications not only for Darier's disease pathogenic mechanisms but also for our general understanding of the determinants of SERCA conformational changes during enzymatic cycling. This elegant series of experiments provides a model for future studies that may reveal other structural elements that modulate the rates of specific steps in the calcium transport cycle.
